Material and Methods: Arterial blood samples were taken from 18 patients undergoing elective AAAR (at four points in time: before anaesthesia, 5 min after aortic clamping and 5 min and 30 min after clamp removal). Diene conjugates (DC), thiobarbituric acid reactive substances (TBARS), total antioxidative capacity (TAC), glutathione redox ratio (GSSG/GSH), and levels of antioxidative enzymes as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSHPx) were measured from the radial arterial blood.
INTRODUCTION
Abdominal aortic aneurysm (AAA) continues to result in significant morbidity and mortality. Even today elective abdominal aortic aneurysm repair (AAAR) is an important challenge for vascular and general surgeons. However, the positive outcome of accompanied with elevated degradation of ATP, forming hypoxanthine. Normally, hypoxanthine is oxidized to xanthine by xanthine dehydrogenase, but in ischaemic conditions, at elevated cytosolic calcium, xanthine dehydrogenase is converted to xanthine oxidase (4, 5, 6). Unlike xanthine dehydrogenase, which uses NAD as a substrate, xanthine oxidase uses oxygen. Therefore, the restoration of oxygen supplementation during reperfusion leads to excessive production of oxygen free radicals by the xanthine/xanthine oxidase system, as well as by mitochondrial electron transport chain leakage and by activated neutrophils (7) . Reactive oxygen species as superoxide, hydroxyl radical, hydrogen peroxide and hypochloric acid attack the biomembrane of polyunsaturated fatty acids resulting in elevated lipid peroxidation.
The human body comprises an antioxidant network, including enzymatic (e.g. superoxide dismutase and catalase) and nonenzymatic antioxidants (e.g. vitamin E and C), to withstand high grade damage caused by OS. Furthermore, OS can be generalized (systemic) or cellular and its grade can be evaluated using different biochemical markers.
Today, despite the existence of previous studies on AAAR, it is evident that there are yet unclear aspects (incomplete relevant data) of the grade of OS during elective AAAR.
The aim of this study was to evaluate the timecourse nature of both systemic and cellular levels and grades of OS during elective AAAR by determining superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSHPx), the glutathione redox ratio, total antioxidative activity and the lipid peroxidation markers (diene conjugates and thiobarbituric acid reactive substances).
MATERIAL AND METHODS
The study was performed on 18 adults undergoing elective AAAR. The protocol used in this study was approved by the Ethics Committee of the University of Tartu. The main clinical characteristics are given in Table 1 .
Presurgical procedures were performed as follows: one hour before surgery, morphine and dehydrobenzperidol (Droperidol) were given intramuscularly for premedication. Arterial and Swan-Ganz pulmonary arterial catheters were inserted in all patients. Induction of anesthesia was performed with atropine, etomidate and phentanyl. Endotracheal intubation was carried out with succinylcholine. Muscle relaxation was achieved with pipecuronium and analgesia was performed with continuous infusion using fentanyl 3-4 µ g/kg/h. The lungs were ventilated with isoflurane up to 1.5 vol. % with oxygen and N 2 0. During AAA surgery, the central hemodynamic parameters were checked and measured with a Swan-Ganz catheter at three time points: before surgical manipulation, after aortic cross clamping and at the end of the operation. At reperfusion, mannitol (0.5 g/kg) was administered regularly. We performed elective AAAR as follows: a collagen impregnated woven prosthesis was inserted; the proximal anastomosis was done end-to-end to the abdominal aorta below the renal arteries and the distal anastomoses were done end-toside to the common femoral arteries or end-to-end to the common iliac arteries. Each patient received intravenously 3000 units of heparin immediately before the cross clamping of the abdominal aorta.
Samples were obtained from the peripheral arterial line (radial artery) at four time points during elective AAAR (Table 2 ). Blood was harvested into 7-ml sterile lavender vacutainer tubes and was promptly transported to the laboratory for analysis. The serum was separated by centrifugation and kept in plastic tubes at -4˚C until analysis. The following markers of systemic and cellular OS were measured: diene conjugates (DC), thiobarbituric acid reactive substances (TBARS), serum total antioxidative capacity (TAC), glutathione redox status (the ratio of oxidized to reduced glutathione or GSSG/GSH), and the level of antioxidative enzymes (superoxide dismutase, SOD, catalase, CAT and glutathione peroxidase, GSHPx). The methods of measurement of oxidative stress markers have been described previously in detail. Briefly, TBARS were measured according to Ohkawa et al (8) with modifications (9). For the study of DC, the serum samples were incubated at 37°C for 25 min, the reaction was stopped by adding an antioxidant (butylated hydroxytoluene, BHT) and the lipids were extracted. Thereafter the samples were spectrophotometrically analysed at 233 nm (10) . To correct the results for hemodilutation, protein content in the samples was determined according to Lowry et al (11) . To assess TAC, the ability of the serum to inhibit in vitro linolenic acid peroxidation in the presence of 200 µ mol/l Fe 2+ was evaluated (12) . SOD and GSHPx were measured according to special protocols using commercially available kits (Randox Laboratories Ltd, Ardmore, UK) (13) . CAT was measured using thiobarbituric acid reactive substances according to the method described in literature (14) . Total glutathione (TGSH) and GSSG as the parameters were measured by the enzymatic method of Tietze (15) , which we slightly modified for the study (12) . The content of GSH was calculated as the difference between the total amount of glutathione and GSSG (TGH-CSSG). All measurements of the lipid peroxidation products and the antioxidant markers were performed in triplicate within 4 h after blood sampling. The means were calculated and used for statistical analysis. The haemolysed samples were excluded from analysis.
The data were analysed with the GraphPad Prism for Windows (version 3.0). For repeated measurments over the time-course of AAAR, the non-parametric Friedman test was used for comparison of the preoperative value with the values for the other time points, correcting multiple comparison with the Dunn test. The results are presented as the mean ± standard error of the mean (SEM) in the text and in the tables. The results were considered statistically significant if the P value was less than 0.05.
RESULTS
This study examined the time-course of the indices of systemic and cellular OS in 18 patients undergoing elective AAAR. There were no complications associated with surgery, or death cases during the study period. Average perioperative blood loss was 2033 ml and blood transfusion was 965 ml. The cellsaver was used during two abdominal aortic aneurysm resections. However, two patients died during the postoperative course, one from recurrent myocardial infarction and the other from multiple organ failure resulting from aspirated bilateral bronchopneumonia.
Arterial CAT revealed a significant elevation (96.0 ± 11.7) 30 min after aortic clamp removal in comparison with the preclamping value (56.9 ± 7.3) and 5 min after the application of the aortic crossclamp (63.7 ± 4.6). Simultaneously, changes were observed in GSHPx 30 min after the removal of the abdominal aortic clamp. The GSHPx was significantly elevated (51.51 %) and TAC was decreased (31.4 %) in comparison with the corresponding value at the preclamping time point. The markers of lipid peroxidation, DC and TBARS, as well as the glutathione redox status and the antioxidant enzyme, SOD, did not show any significant changes during AAA surgery (Table 2) .
DISCUSSION
The following major findings were established in our study. The lipid peroxidation indices (plasma DC and TBARS) did not reveal statistically significant alteration. However, during the perioperative course the highest value of TBARS was observed 5 min after the removal of the aortic cross-clamp. It should be noted that changes in the blood lipid peroxidation products have been detected during open-heart surgery for cardiopulmonary bypass (9) and in a canine model of the skeletal muscle of I/R injury (16) . However, findings similar to those of our study have been described when measuring the specific marker, F 2 -isoprostane, which remained unchanged in the perioperative course of elective AAA surgery (2).
Another marker of systemic OS, serum TAC, reflects the potency of total antioxidative protection in the plasma. Our observations demonstrated that TAC was significantly decreased 30 min after the ischemia of the lower limbs. This information indicates the existence of a certain OS-based overload in the plasma during AAAR. In another study, Khaira et al observed that total antioxidant activity decreased significantly during the ischemia of the lower torso and immediately after aortic clamp removal in comparison with the preclamping levels in AAA resection and grafting (17) . Controversial results were published by Brown et al who found no changes in the levels of total antioxidant activity during AAAR; however the samples were obtained from femoral vein lines of only four patients (18) .
To have a better understanding of the grade of OS in AAAR, we also investigated the main indices of cellular OS. We detected a statistically significant, but relatively modest, increase in the activity of antioxidative enzymes (CAT and GSHPx) 30 min after abdominal aortic declamping. We did not reveal changes in the antioxidative enzyme, SOD, during the operation. Moreover, the principal well-known intracellular marker for OS, glutathione redox status, was not significantly changed during the intraoperative period of AAAR. The latter fact also argues against cellular high-grade OS.
It should be added that administration of heparin as a widely known agent with antioxidative properties helps to withstand ischaemia-reperfusion injury during this type of operations (19) . Furthermore, regular administration of mannitol during elective AAAR should be considered. Being a hyperosmolar sugar and a hydroxyl radical scavenger, mannitol is not a sufficiently strong antioxidant to act significantly in the human body (20) . However, at the same time, neither heparin nor mannitol influenced the OS markers measured by us. Consequently, we eliminated the theoretical considerations concerning administration of heparin and mannitol -solving the high grade of OS or mimicking the moderate grade of OS in these patients during elective abdominal aortic aneurysm resections.
CONCLUSIONS
We demonstrated a decrease in TAC and an increase in the antioxidant enzymes CAT and GSHPx during a reperfusion event. Neglecting the alterations in TAC, CAT and GSHPx and considering the almost unchangeable character of the other OS parameters (e.g. GSH), we concluded that the OS observed at systemic or cellular level in the patients undergoing AAA surgery was not high grade OS.
We therefore suggest that the routine administration of exogenous antioxidants is not an argument to be considered for elective AAAR.
